Summary: An accurate, simple and low-cost image-analysis system has been set up for capturing thin-layer chromatography images, and a software package, TLCQA, has also been developed for both qualitative and quantitative analyses using the acquired image. Availability: Available upon request from the authors.
Thin-layer chromatography (TLC) is cheap, fast and easy to operate, and has been widely used for qualitative analysis of biochemical and chemical compounds for many years (Fried and Sherma, 1994) . Quantitative analysis, however, seldomly relies on TLC because it can only give a semi-quantitative result (Hamilton and Hamilton, 1987) . In order to provide an accurate, low-cost and simple quantitative analysis technique, a simple image-analysis system together with a new quantification method has been developed for studying thinlayer chromatograms. The software package TLCQA, as implemented in this study, provides a user-friendly interface for qualitative and quantitative analyses of chemicals by using the TLC technique.
One of the aims of this investigation is to acquire the image of the thin-layer chromatogram by using a low-cost imagecapture system which consists of an optical scanner and an IBM-compatible PC. In acquiring an image, the TLC plate is first scanned by utilizing a flatbed scanner such as the HP Scan Jet IIc device (Morrison, 1993) , as employed in the present study. The scanning resolution was 100 d.p.i. because the result thus obtained is accurate enough for quantitative study and the scanning time is shorter compared to the use of higher resolutions. TLCQA was developed utilizing the mathematical software MATLAB 4.2c (The Maths Works, 1992) coupled with the MATLAB image-processing toolbox (Thompson and Shure, 1993) . TLCQA supports several common image file formats, including BMP (Windows bitmap format), PCX (PC paintbrush format) and TIFF (Tagged image file format). It can be executed under MAT-LAB 4.2c and Microsoft Windows 95 using Intel P5 computers.
Important parameters obtained from a spot within a TLC chromatogram, including the R f value, spot area, intensity volume and cross-section plot, can be determined by TLCQA. TLCQA consists of several subprograms, Tlcstart, Tlcmenu, Bmpread, Back_grd, Spot_ana and Per_cont, with different functions. First of all, Tlcstart allows one to start executing the program, to view the information related to TLCQA, or exit from the program. Tlcmenu was developed to accept image input, produce report output and coordinate different subprograms. Bmpread can be utilized to decode the TLC image as acquired from the optical scanner, while Back_grd gives the average background noise for intensity calculation. Spot_ana is used to analyze the TLC spot qualitatively and quantitatively. It is composed of three subprograms: Spot_rf for calculating the R f value of a spot, Spot_are for determining the spot area and plotting the crosssection profile, and Spot_vol for computing the intensity volume of a spot. Finally, Per_cont was implemented to determine the relative percentage contribution of the area and the volume of each spot among all spots.
TLCQA starts with a menu which allows the user to execute the program, read the information about the software or exit from the program. If a user starts executing the program, he/she will be requested to give the filename of the TLC image to be processed. Then, the image will be displayed on the screen. Afterwards, the positions of the origin and the solvent front of the TLC plate have to be input and the corresponding two lines will appear on the screen. Now, the user needs to define the background area by selecting a rectangular blank area outside the spots using the mouse. The subprogram Back_grd will then be activated to compute the background intensity. The procedure for choosing a spot to be analyzed is similar to that for defining the background, as described above. After removing the background noise, the cross-sectional plot of the selected spot will appear. The software also provides plots of a spot in four different colors: red (R), green (G), blue (B) or a combination of these three (RGB). After selecting the color factor of R, G, B or RGB, Spot_ana will compute the area, intensity volume and R f value of the spot. The result will be displayed together with a three-dimensional intensity graph of the spot. Finally, an instruction will be shown on the screen to let the user choose another spot for image processing, to compare the analytes with information on other spots, including those generated from standard solutions, or to exit the program. If the first or the second option is chosen, the spot selection procedure as mentioned above will be repeated. If the user prefers to exit from the program, a summary of the results obtained will be provided. All text and graphic outputs can be printed out or saved in a file.
An experiment was carried out to demonstrate how TLCQA works. Methyl orange was used as the solute for the TLC study. Six different concentrations of methyl orange solutions, ranging from 0.133 to 0.267 mg/ml, were prepared and applied to a TLC plate. After drying the plate, it was developed for ∼30 min by using the mobile phase with a composition of methanol:chloroform = 1:1 (by volume). Then, the plate was dried and scanned by employing the image-capture system as mentioned above. The image (Figure 1a ) acquired was then analyzed by utilizing TLCQA to determine the parameters of R f values, spot areas and intensity volumes of all the six spots. As the spots are red in colour, the R factor was employed to compute the intensity volumes. Figure 1b shows the three-dimensional intensity plot using the R factor. The intensity volumes of all the six spots as shown in Figure 1a , were used for quantitative analysis. The calibration curve of the intensity volumes thus determined against the concentrations of methyl orange was obtained. The correlation coefficient of the plot is 0.9955, which shows a good linear relationship between the intensity volume and the concentration of methyl orange. In addition, a duplicate experiment had been carried out by using the same methyl orange solutions. The result shows that the concentration differences between two experiments are small, with good precision. Moreover, optical scanners and a digital camera from different manufacturers, as well as different scanning resolutions, were also empolyed to acquire images of TLC chromatograms as obtained from this investigation (Chan and Chau, 1998) . The results obtained are similar to those of methyl orange. All these results indicate the good performance of our proposed system and the quantification method with the use of the intensity volume for TLC study. 
